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VWDLQOHVVVWHHOVORVHVWKHLUPHFKDQLFDOSURSHUWLHVDQGEHFRPH EULWWOH >@)RUWKLVUHDVRQDWWHPSHUDWXUHVORZHUWKHQ 
&VWDLQOHVVVWHHOVZLWKDXVWHQLWLFPLFURVWUXFWXUHDUHXVHG
8VXDOFDUERQVWHHOVKDYHDW URRPWHPSHUDWXUHDPLFURVWUXFWXUHFRPSRVHGRI DOSKD IHUULWHDQGFHPHQWLWH$OSKD
IHUULWH LV D VROLG VROXWLRQ RI FDUERQ GLVVROYHG LQ DOSKD LURQZKLFK VROLGLILHG LQ D ERG\ FHQWHUHG FXELF ODWWLFH7KH
DXVWHQLWLFSKDVHFDQH[LVWLQFDUERQVWHHOVDWWHPSHUDWXUHVKLJKHUWKHQ&7KHDXVWHQLWLFSKDVHLVFRPSRVHGRI
FDUERQGLVVROYHGLQJDPPDLURQDQGVROLGLILHGLQIDFHFHQWHUHGFXELFODWWLFH7R VWDELOL]H WKHDXVWHQLWLFSKDVHDWURRP
WHPSHUDWXUH WKH VWHHO LV DOOR\HGZLWK QLFNHO  ±  DQG WR JLYH WKH VWHHO VWDLQOHVV SURSHUWLHV LW LV DGGLWLRQDO
DOOR\HGZLWKFKURPLXP >@
2QH FKDUDFWHULVWLF RI VWDLQOHVV VWHHOV ZLWK DXVWHQLWLF PLFURVWUXFWXUH LV WKDW WKH\ FRQWDLQ JUDLQV ZLWK DQQHDOLQJ
WZLQV7KHDQQHDOLQJWZLQVDUHSRUWLRQVRIJUDLQVWKDWKDYHDGLIIHUHQWRULHQWDWLRQWKHQWKHUHVWRIWKHFU\VWDODQGWKH\
DUHDSODVWLFGHIRUPDWLRQPHFKDQLVPZKLFKRFFXUVDWJUDLQOHYHO7KH PHFKDQLVPFRQVLVWV RIDWUDQVODWLRQEHWZHHQ
WZR SDUDOOHO SODQHV RI WKH ODWWLFH EHWZHHQ HDFK RWKHU VXFK WKDW WKH GHIRUPHG SRUWLRQ RI WKH FU\VWDO EHFRPHV
V\PPHWULFWRWKHXQGHIRUPHGSRUWLRQRIWKHFU\VWDO
7KLV SDSHU DQDO\VHV WKH EHKDYLRU RI D  VWDLQOHVV VWHHO VXEMHFWHG WR SURORQJHG H[SRVXUH WR FU\RJHQLF
WHPSHUDWXUHVDQGWRWKHUPDOF\FOHVRIFRROLQJDWFU\RJHQLFWHPSHUDWXUHVDQGKHDWLQJWRURRPWHPSHUDWXUH
 ([SHULPHQWDOSURFHGXUH
7KHVDPSOHVXVHGLQDQDO\VHVZHUHPDGHRI D KRWUROOHG  VWDLQOHVVVWHHO7RUHDFKFU\RJHQLFWHPSHUDWXUHV
WKH VDPSOHV ZHUH LPPHUVHG LQ OLTXLG DLU ZKLFK KDV D WHPSHUDWXUH RI   & 2QH RI WKH VDPSOHV ZDV NHSW
LPPHUVHGLQOLTXLGDLUIRUDSHULRGRIKRXUVWRVHHWKHHIIHFWRI SURORQJHGH[SRVXUHWRFU\RJHQLFWHPSHUDWXUHV
7KH VHFRQG VDPSOHZDV VXEMHFWHG WR WKHUPDO F\FOHV RI FRROLQJ LQ OLTXLG DLU XQWLO LW UHDFKHG WKHUPDO HTXLOLEULXP
IROORZHGE\UDSLGKHDWLQJLQZDWHUDWURRPWHPSHUDWXUH7KHVDPSOHZDVVXEMHFWHGWRF\FOHVRIFRROLQJ ± KHDWLQJ
$IWHU WKH WHVW WKH VDPSOHV ZHUH DQDO\]HG XVLQJ VFDQQLQJ HOHFWURQ PLFURVFRS\ 4XDQWD  ' PLFURVFRSH
ZRUNLQJ LQ +LJK 9DFXXPPRGXOH RSWLFDO PLFURVFRS\ /HLFD '0, 0 DQG ;UD\ GLIIUDFWLRQ 3DQDO\WLFDO
;¶3HUW3UR05' 7KH FKHPLFDO FRPSRVLWLRQRI WKH VWDLQOHVV VWHHO LV)H&26L
 &U  DQG 1L  %HIRUH VXEMHFWLQJ WKH VDPSOHV WR FU\RJHQLF WHPSHUDWXUHV WKH\ ZHUH FXW DQG
SROLVKHGDQGDIWHULPPHUVLRQLQOLTXLGDLUWKH\ZHUH FOHDQHGZLWKDVSHFLDOVROXWLRQLQDQXOWUDVRQLFEDWK DQGHWFKHG
ZLWK  3LFUDO XVLQJ KHDW 7KH SXUSRVH RI WKH 6(0 DQG RSWLFDO DQDO\VHV ZDV WR GHWHUPLQH WKH PLFUR VWUXFWXUDO
FKDQJHV WKDW DSSHDUHG LQ WKH VDPSOHVGXH WR WKH WHVW DQG WKH;5'DQDO\VHVKLJKOLJKWHG WKHSKDVH FKDQJHV LQ WKH
PDWHULDO
 7KHUHVXOWVRIWKHWHVWV
 7KHPLFURVWUXFWXUDODQGSKDVHFKDUDFWHUL]DWLRQRIWKH  PDWHULDOIURPZKLFKWKHVDPSOHVZHUHPDGHRI
7KHILUVWDQDO\]HGVDPSOHZDVQRWVXEMHFWHGWRFU\RJHQLFWHPSHUDWXUHVDQGZDVXVHGIRUFRPSDULVRQWRWKHRWKHU
WZRVDPSOHV
)LJ 7KH;UD\GLIIUDFWLRQSDWWHUQ IRUWKHVDPSOHQRWVXEMHFWHGWRFU\RJHQLFWHPSHUDWXUHV
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)LJ  VKRZ WKH UHVXOWV REWDLQHG IURP WKH ;5' DQDO\VHV PDGH RQ WKH VDPSOH QRW VXEMHFWHG WR FU\RJHQLF
WHPSHUDWXUHV7KHDQDO\VHVVKRZWKDWWKHPDWHULDO LVPDGHRIRQO\IURPRQHSKDVH7KHLQWHQVLW\SLFNVDWGLIIHUHQW
SRVLWLRQDQJOHVLQGLFDWHWKDWLQWKHPDWHULDORQO\WKHDXVWHQLWLFSKDVHLVSUHVHQW
7KH 0LOOHU LQGLFHV ZKLFK FKDUDFWHUL]H WKH FU\VWDOORJUDSKLF SODQHV RI WKH DXVWHQLWLF SKDVH LQ WKH PDWHULDO DUH
VKRZHGLQ)LJ
)LJ 7KH0LOOHULQGLFHVIRUWKHVDPSOHQRWVXEMHFWHGWRFU\RJHQLFWHPSHUDWXUHV
7KHFU\VWDOORJUDSKLFSDUDPHWHUV RIWKHHOHPHQWDU\ODWWLFHDUHVKRZHGLQ7DEOH7KHSDUDPHWHUVDUHVSHFLILFIRU
WKHDXVWHQLWLFSKDVHZKLFK FU\VWDOOL]HV LQDIDFHFHQWHUHGFXELFODWWLFH
7DEOH 7KHFU\VWDOORJUDSKLFSDUDPHWHUVRIWKHHOHPHQWDU\ODWWLFH IRUWKHDXVWHQLWLFSKDVH
3DUDPHWHUV )H&  &XELF
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)LJ  6(0LPDJHVRIWKHVDPSOHQRWVXEMHFWHGWRFU\RJHQLFWHPSHUDWXUHV DDWD PDJQLWXGHRI[ EDWDPDJQLWXGHRI[
7KH6(0LPDJHVLQ)LJ)LJDDWDPDJQLWXGHRI[DQG)LJEDWDPDJQLWXGHRI[VKRZWKDW
WKHVWDLQOHVVVWHHOPDWHULDOLVPDGHRIWZRW\SHVRIJUDLQV7KLVIDFWLVDOVRKLJKOLJKWHGLQ WKHRSWLFDODQDO\VHVIURP
)LJ)LJDDWDPDJQLWXGHRI[DQG)LJEDWDPDJQLWXGHRI[
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7KHJUDLQVZLWKRXWDQQHDOLQJWZLQVKDYHD SRO\KHGUDO VKDSHDQGWKH\DUHFRORUHGZKLWHLQ WKHRSWLFDODQDO\VHV
7KHJUDLQVZLWKDQQHDOLQJ WZLQV VKRZDPRUHSURQRXQFHGSURILOH WKHQ WKHRWKHUJUDLQV DQG WKH\KDYHRQO\D IHZ
WZLQLQJSODQHV
)LJ  2SWLFDOPLFURVFRS\ LPDJHVRIWKHVDPSOH QRWVXEMHFWHGWRFU\RJHQLFWHPSHUDWXUHV DDWDPDJQLWXGHRI[
EDW DPDJQLWXGHRI[
 7KHUHVXOWVRIWKHVDPSOHVXEMHFWHGWRFU\RJHQLFWHPSHUDWXUHVLQWKHUPDOF\FOHVRIFRROLQJKHDWLQJ
7KHVDPSOH VXEMHFWHG WR WKHUPDOF\FOHVRIFRROLQJ ± KHDWLQJVKRZVQRSKDVHFKDQJHV LQFRPSDULVRQ WR WKH
SUHYLRXVSUHVHQWHGUHVXOWV7KHPDWHULDOLVVWLOOFRPSRVHGRIDVLQJOHDXVWHQLWLFSKDVHIDFWKLJKOLJKWHGE\WKH;5'
DQDO\VLVUHVXOWVKRZHGLQ)LJ
7KHPRUSKRORJ\RIWKHVDPSOHVPLFURVWUXFWXUHFKDQJHVGXHWRWKHWKHUPDOF\FOHVDVFDQEHREVHUYHGLQWKH6(0
DQDO\VLVLPDJHVIURP)LJ7KHGLPHQVLRQRIWKHJUDLQVZLWKDQQHDOLQJWZLQVLQFUHDVHGDQGWKHQXPEHURIWZLQQLQJ
SODQHV DOVR LQFUHDVHGLQVLGHWKHJUDLQV7KHWZLQQLQJSODQHVKDYHSUHIHUHQWLDOGLUHFWLRQVFRUUHVSRQGLQJWRWKHWKHUPDO
H[SDQVLRQVDQGFRQWUDFWLRQVWKDWRFFXULQWKH PDWHULDOGXULQJFRROLQJDQGKHDWLQJ7KHWZLQQLQJSODQHVFDQIDFLOLWDWH
SODVWLF GHIRUPDWLRQ LQ WKHPDWHULDO LQGLUHFWLRQV WDQJHQW WR WKHSODQHV7KLV IDFW OHDGV WR DQLVRWURS\ UHJDUGLQJ WKH
WHQVLOH\LHOGVWUHVVRIWKHPDWHULDO >@
)LJ 7KH;UD\GLIIUDFWLRQSDWWHUQ IRUWKHVDPSOH VXEMHFWHGWRFU\RJHQLFWHPSHUDWXUHV LQWKHUPDOF\FOHVRIFRROLQJ  KHDWLQJ
7KH RSWLFDO DQDO\VLV SUHVHQWHG VKRZV WKDW GXULQJ WKH WHVW VRPH JUDLQV ZLWK DQQHDOLQJ WZLQV RULHQWHG LQ WKH
GLUHFWLRQ RI WKH WKHUPDO JUDGLHQW WKDW DSSHDUHG LQ WKH PDWHULDO GXULQJ WKH F\FOHV RI FRROLQJ ± KHDWLQJ 7KLV IDFW
LQFUHDVHVWKHDQLVRWURS\RIWKHPHFKDQLFDOSURSHUWLHVLQWKHPDWHULDO
D E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)LJ  6(0LPDJHVRIWKHVDPSOHVXEMHFWHGWRFU\RJHQLFWHPSHUDWXUHV LQWKHUPDO F\FOHVRIFRROLQJ  KHDWLQJ DDWDPDJQLWXGHRI[
EDWDPDJQLWXGHRI[
)LJ  2SWLFDOPLFURVFRS\ LPDJHVRIWKHVDPSOH VXEMHFWHGWRFU\RJHQLFWHPSHUDWXUHV LQWKHUPDOF\FOHVRIFRROLQJ  KHDWLQJ
DDW DPDJQLWXGHRI[ EDWDPDJQLWXGHRI[
 7KHUHVXOWVRIWKHVDPSOHVXEMHFWHGWRSURORQJHGH[SRVXUHWRFU\RJHQLFWHPSHUDWXUHV
7KHODVWVDPSOHDQDO\]HGLVWKHRQHLPPHUVHGIRUKRXUVLQOLTXLGDLU7KH;5'DQDO\VLVSUHVHQWHGLQ )LJ
VKRZWKDWWKHDXVWHQLWLFSKDVHGLVVRFLDWHGGXHWRSURORQJHGH[SRVXUHWRFU\RJHQLFWHPSHUDWXUHVDQGDQHZSKDVHRI
)H&UDOOR\IRUPHG
)LJ 7KH;5'DQDO\VHVUHVXOWV IRUWKHVDPSOH VXEMHFWHGWR SURORQJHGH[SRVXUHWRFU\RJHQLFWHPSHUDWXUHV
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7KH0LOOHULQGLFHVWKH LQGLFHVRIWKH)H&USKDVHSUHVHQWHGLQ)LJLQGLFDWHWKDWWKHQHZIRUPHGSKDVH
FRQVLVWVRIDFRPSOH[SKDVHWKDWKDVDFKURPLXPDWRPLQVLGHWKHIDFHFHQWHUHGFXELFODWWLFHRIJDPPDLURQZKLFK
FHQWHUVWKHODWWLFH
)LJ7KH0LOOHULQGLFHVIRUWKHVDPSOH VXEMHFWHGWRSURORQJHGH[SRVXUHWRFU\RJHQLFWHPSHUDWXUHV
,Q7DEOH DUHSUHVHQWHG WKH FU\VWDOORJUDSKLFSDUDPHWHUV RI WKH ODWWLFH IRU WKH WZRSKDVHV WKDW DSSHDUHG LQ WKH
VDPSOHVXEMHFWHGWRFU\RJHQLFWHPSHUDWXUHV
7DEOH 7KHFU\VWDOORJUDSKLFSDUDPHWHUVRIWKHHOHPHQWDU\ODWWLFHIRUWKHWZRSKDVHVRIWKHVDPSOH
VXEMHFWHGWRSURORQJHGH[SRVXUHWRFU\RJHQLFWHPSHUDWXUHV
3DUDPHWUL )H&  &XELF )HB&U  &XELF
Dc  
Ec  
Fc  
$OID  
%HWD  
*DPD  
)LJ 6(0LPDJHVRIWKHVDPSOHVXEMHFWHGWR SURORQJHGH[SRVXUHWR FU\RJHQLFWHPSHUDWXUHV DDWDPDJQLWXGHRI[
EDWDPDJQLWXGHRI[
7KH6(0DQDO\VLVRIWKHVDPSOHSUHVHQWHGLQ)LJVKRZVDQHYHQPRUHDFFHQWXDWHGLQFUHDVHLQGLPHQVLRQVRI
WKHJUDLQVZLWKDQQHDOLQJWZLQVDQGDOVRWKHLQFUHDVHRIWKHQXPEHURIWZLQQLQJSODQHVLQWKHJUDLQV7KHSODQHVRI
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WKH DQQHDOLQJ WZLQV DUH RULHQWHG LQ WZR GLUHFWLRQV GLUHFWLRQV RQZKLFK WKHPDWHULDOZLOO SODVWLFDOO\ GHIRUPPRUH
HDVLO\7KHLQFUHDVHRIWKHJUDLQVZLWKDQQHDOLQJWZLQVLVDOVRVKRZHGLQWKHRSWLFDODQDO\VLVIURP)LJ7KHJUDLQV
ZLWKDQQHDOLQJWZLQVDUHFRPSOHWHO\EODFNDIWHUWKLVWHVWGXHWRWKHKLJKQXPEHURIWZLQQLQJSODQHV
)LJ 2SWLFDOPLFURVFRS\ LPDJHVRIWKHVDPSOH VXEMHFWHGWRSURORQJHGH[SRVXUHWRFU\RJHQLFWHPSHUDWXUHV
DDWDPDJQLWXGHRI[ EDWDPDJQLWXGHRI[
 &RQFOXVLRQV
%\ VXEMHFWLQJ WKH VWDLQOHVV VWHHO WR WKHUPDO F\FOHV RI FRROLQJKHDWLQJ LWV PLFUR VWUXFWXUH FKDQJHV FDXVLQJ DQ
LQFUHDVH RI WKH GLPHQVLRQV RI WKH JUDLQV ZLWK DQQHDOLQJ WZLQV DQG DOVR LQFUHDVHV WKH QXPEHU RI WZLQQLQJ SODQHV
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